Abstract. Using 30 Gazella subgutturosa subgutturosa presence-only data related to maximum entropy (Maxent) and ecological niche factor analysis (ENFA) models, but gained from field surveys, the present study was an attempt to assess how the Persian gazelle (subgutturosa) was distributed in Bamoo National Park located in Shiraz, Iran. While Maxent is thought to be predictive of satisfaction of environmental requirements, ENFA is considered as a tool for investigating the niche and habitat preferences of the species. All of the analyses by the models demonstrated the species distribution and the subgutturosa habitat. According to Maxent, vegetation, trough, and predator were witnessed to be most influential in the distribution, whereas ENFA revealed that elevation and vegetation were of highest value in terms of Gazella subgutturosa subgutturosa distribution. Interestingly enough, the predator variable was found to be highly contributing by Maxent but avoidable by ENFA. Also, the prediction level of the models turned out to be higher than chance occurrence under curve (AUC) = 0.5.
Introduction
To date, the issue of species distribution has gained much importance. According to Rebelo and Jones (2010) , to gain an accurate piece of knowledge about how a given species is distributed is an area of investigation which is of high interest as far as conservation management is concerned. A careful review of the related literature reveals that a multitude of techniques has been developed to predict species distribution (e.g. Phillips et al., 2006) . These techniques are, as Rebelo and Jones (2010) asserted, based upon the description of data related to the species in the form of presence or absence data in a set of sampled locations. It is the presence/absence data that facilitates the process by which the distribution of the species is predicted through the techniques or models (e.g. Osborne and Tigar, 1992; Brito et al., 1999; Carroll et al., 1999) . Presence data, as Hortal et al. (2005) argues, usually correspond to the true Central Asia (Kingswood and Blank, 1996) . It is mow categorized as Vulnerable (VU) and if conservation efforts are not implemented for this species in the near future, this could change into the Extinction (EX) category (IUCN Red List, 2013) .
Hence, the main objectives of this study were to: (i) investigate both modeling techniques in terms of their predictions and discrepancies; (ii) determine which environment factors are relevant for each model; and (iii) validate these modeling techniques by comparing predicted distributions with the results obtained from ground sampling.
Materials and methods

Study area
Bamoo National Park (BNP) covers an area of 46913 hectares and is located in the northeastern part of Shiraz, Iran (52°29' to 52°56' E, 29°39' to 29°50' N) (see Fig. 1 ). This park has been under protection since 1962. This park is covered by Astragalus spp, annual grass, and Artemisia spp. It is also characterized by mountainous areas and plains. Its maximum elevation equal 2700 m. 
Target species and occurrence data
Thirty occurrence records of Gazella subgutturosa species collected in random systematic transect conducted in plain area of national park. Park ranger drive on line transect for 500 (m) and stop using binocular in 360 around to find out about the presence of Gazella. These data representing the total distribution of the species that are under severe threatening circumstances due to eco-geographical factors were obtained.
Figure 2. Map points (GPS) of the gazelle distribution in Bamoo National Park
These variables were chosen based on their biological relevance to animal species distributions and other habitat modeling studies (for example, Hu and Jiang, 2010; Bagherirad et al., 2010) . Elevation (Digital Elevation Model; DEM) data were also obtained from the National Cartographic (IRNCC25K, 1 km spatial resolution). The DEM data were used to generate slope using Environmental Systems Research Institute's ARC GIS version 9.3. All environmental variables were resampled to 1 km spatial resolution. All the variables were tested for multicollinearity by examining the cross-correlations based on 30 localities species occurrence records as well as 30 randomly generated samples from the area. Only one variable from a set of highly cross-correlated variables (r > 0.75) was included in the model based on the potential biological relevance to the distribution of the species and the ease of interpretation. 
Modeling procedure
Maxent
Maxent has been found to perform best among many different modeling methods (Elith et al., 2006 ; Ortega-Huerta and . It is based on a machine-learning program that estimates the probability distribution for a species' occurrence based on environmental constraints . It requires only-presence data (not absence) and environmental variable (continuous or categorical) layers for the study area. We used the freely available Maxent software (version 3.1 at http:// www.cs.princeton.edu/~schapire/maxent/) which generates an estimate of presence probability associated with the species. The 30 occurrence records and 7 environmental predictors were utilized to model the potential habitat distribution for Gazella subgutturosa. As previously mentioned, 30 independent data points were used to test the reliability level of the model using a binomial test of omission to evaluate the statistical significance of the prediction.
Also, the importance of each environmental variable was evaluated through a heuristic estimation during the model training as well as a jackknife test that was conducted by initially excluding one variable in each run, running the model with only one variable, and finally including all of the variables in the model (Fielding and Bell, 1997) . Afterwards, the performance of each model was assessed, and the response curves were created for each environmental variable. This showed how each variable influenced the logistical prediction by keeping the remaining variables at their average value. It should be emphasized that to make a change in one of the variables included in the model had a marginal effect.
The model was evaluated in light of the threshold-independent receiver operating characteristic (ROC) approach by calculating the area under the ROC curve (AUC) as the measure of the prediction success (Hanley and McNeil, 1982) . The ROC curve is obtained by plotting all true positive values (sensitivity fraction) against their equivalent false positive values (1-specificity fraction, Phillips et al., 2006) . Analysis was performed 10 times to generate 95% confidence intervals.
ENFA
ENFA makes a comparison between the total area combinations of habitat variables available to the species and those of habitat variables at the locations where the species is found by means of two terms including marginality and specialization. Marginality is a measure of the separation between the optimal habitat combinations (those of the actual presence sites) and the average available environmental conditions within the study area (Liu et al., 2005) . tolerate variation in that dimension. Adehabitat package also provides global marginality (M) and global tolerance (T) of the species to the habitat evaluated: the greater the marginality, the more the niche deviates from the available conditions; the smaller the tolerance, the more restricted the niche is, i.e. more specialized is the species. These global estimations, however, must be used cautiously as they only apply to the specific area covered in a specific study and assume that the environmental variables do not change over time (Hirzel et 
Results
Given the results gained from the heuristic estimations of the Maxent model, the variables that make the most meaningful contribution to the model include vegetation (56%), trough (18.4%), and predator (12.1%) ( Table 1 ). The jackknife test presented by Figure 3 manifests that the variables mentioned above lead to the greatest results when considered in isolation, so they can be claimed to be more relevant for the Gazella subgutturosa distribution. distance to predator. Also, the elevation range associated with the classes is 0-<5000 m, 5000-15000 m and 1600-1800 m, respectively (Fig. 4) . According to the model, the area under the curve (AUC) for the training data and the test data was 0.904 and 0.929, respectively (Fig. 5) . This means that the model prediction is higher than the chance (AUC = 0.5). The map produced by the Maxent models is indicative of the areas having the best conditions for G. subgutturosa occurrence (Fig. 6) , and it is congruent with the known distribution of G. subgutturosa (Fig. 2) . In addition, several areas with higher probability of presence were identified in the marginal parts that are not yet under the influence of human activities.
Figure 3. Results of the jackknife test of variable importance in the Maxent
Figure 4. Response curves related to the most important variables of the Maxent model
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Figure 5. Receiver operating characteristic curve using Maxent and ENFA models
The global marginality estimated by ENFA was 1.35 (P = 0.001). It indicates that the area used by Gazella subgutturosa differs from the average conditions in the Bamoo National Park (Table 1 ) niche centroid shown in (Fig. 7) and that it requires a specific habitat niche. As for the importance of the variables, the analysis indicates that trough, vegetation and elevation are the main variables that contribute to marginality ( Table 1 and Fig. 7) . Hassanvand (Fig. 7) . Global specialization estimated by ENFA was 1.86 (P = 0.001) indicating that Gazella subgutturosa is a specialized species which has a narrow field of ecology. Trough and elevation are the variables that have higher specialization coefficients, thus they are most critical in terms of habitat selection (Fig. 7) . The AUC related to the training and test data was 0.914 and 0.818, respectively (Fig. 5) meaning that the prediction of the model is also better than the randomness (AUC = 0.5), so the ability of the Maxent model to predict suitability areas is inferior to that of the ENFA model.
Habitat suitability maps obtained by ENFA were classified into classes, namely suitable habitat, intermediate habitat and unsuitable habitat (Fig. 8) . It shows the areas with the best-predicted conditions for G. subgutturosa occurrence. Map obtained by the ecological niche factor analysis showed that the gazelles were observed mostly in areas with vegetation types include annual grasses, Astragalus spp, Artemisia sieberi, and other pasture species that have provided suitable habitats for this species. The unsuitable habitats are located in the southern area of the BNK. This was incompatible with the known distribution of G. subgutturosa (Fig. 2) . As indicated by the figure above, the great polygons represent total available areas, but the small polygons represent used area (the niche centroid is located in the center of the small polygons). The arrows represent the projections of the environmental variables on the marginality and specialization axes. 
Discussion
Integrating multiple environmental variables and presence-only data, this study was an attempt to shed light on G. subgutturosa habitat preferences and distribution in the Bamoo National Park situated in Iran using such techniques as Maxent modeling and ENFA analysis. To date, some studies have been focused upon the local abundance of G. subgutturosa in light of presence-only data and ENFA model in relation to some environmental variables like elevation, slope, aspect, distance to road, distance to villages, distance to watercourse, distance to livestock herds, Normalized Difference Vegetation Index (NDVI), and predator (Bagherirad et al., 2014) .
Maxent has achieved a robust performance showing a good accuracy with low sample sizes and an excellent predictive ability (Hernandez et al., 2006; Pearson et al., 2007; Wisz et al., 2008) . The results gained from this study are in agreement with these studies, because, in terms of analysis comparison, ENFA model is more robust than Maxent as a predictive tool: both training and test AUC plots confirmed its high performance (Fig. 5) . The test AUC of the Maxent had a lower value, although test data included the entire area that was incorporated in the training data. In contrast, ENFA had a lower fitness because the absence model was built using random points that covered most of the total available habitat, thus the model could not perform adequately. In addition, Maxent did not predict broad areas of distribution for the G. subgutturosa. Maxent proved to be robust at this scale which allowed the discovery of new populations and the extension of known distribution. In fact, Maxent and ENFA had different levels of success in predicting the occurrence of new populations.
Zaniewski et al., (2002) showed that ENFA produced accurate results although it had a tendency to overestimate the spatial extent of distributions, especially on the periphery of ranges (Brotons et al., 2004) . Our results showed a similar pattern. A broad and accurate area of high-suitability was identified in the regions of BNK. ENFA was shown to be inaccurate in its predictions outside the geographical range of the training data.
It is important to understand why these two techniques yielded such different results in the discovery of new populations. Tsoar et al. (2007) concluded that more complex techniques (i.e. Maxent) are better predictors than the simple ones as they establish more flexible relationships between the dependent and independent variables. In fact, models that have no predefined shape of response curves can build models closer to the training data such as those based on smoothing techniques like Maxent (Randin et al., 2006) . On the other hand, parametric methods like ENFA are limited by the normal distribution making them more sensitive to bias or extrapolations (Elith et al., 2006; Randin et al., 2006) . Overall, Maxent seems prone to over fitting presence data , so it is more likely to develop omission errors or false absences (the species exists in low suitability areas) while ENFA seemed to have greatest problems in reducing the commission error rate or false positives; it predicts occurrence where the species does not exist in areas outside the range of the training data. Both analyses agreed that trough, vegetation and elevation are variables relevant to G. subgutturosa spatial distribution and habitat preferences (Figs. 3 and 6) , although they showed a small discrepancy in terms of the remaining variables. For instance, vegetation, trough, predator and elevation contribute most to the Maxent model (97.8%), while the road and slope make a 0.2% contribution (Fig. 2) . Gazelles are known to eat a variety of grasses, forbs, and shrubs during the different seasons (Olson et al., 2010; Xu et al., 2012) . Persian gazelles feed mostly on Chenopodiacea, Gramineae, and forbs which are comprised of 38.8% to 85.1% (Karami et al., 2002; Wenxuan et al., 2008) . In previous studies by Vallentine (2000) and Hassanvand et (Bagherirad et al., 2010) . Using the Maxent model, showed that slope made a small contribution to the model development in terms of predicting the potential distribution of the endangered Przewalski's gazelle. Predator, on the other hand, made a significant contribution; However, it does seem to be a variable relevant (in terms of marginality and specialization) for the G. subgutturosa. These are reflections of the differences between both analyses. Although the ENFA model deals with spatial distribution, the Maxent counterpart focuses on habitat preferences. Therefore, in the former, a measurement of the distance to the predator is essential to the spatial distribution of the species, because the low distance of the predators is in direct relationship with high-risk areas of the G. subgutturosa. On the other hand, the predator is influential in its habitat preferences, which make sense because G. subgutturosa species should not select its habitat according to predator values. The results gained from this study are not suggestive of a major effect of the road on the G. subgutturosa distribution. In fact, the road was discarded during preliminary evaluations due to its low contribution to the analyses (Bagherirad et al., 2014) . The ENFA analyses indicated a high marginality (1.40) and low tolerance (0.46) scores, suggesting a strong tendency for the species to live in a particular habitat throughout Golestan National Park as the context of the study. The interpretation of the factors in terms of its EGVs turned out to be very consistent with the experience of field specialists. In particular, the EGVs that correlated with the marginality factor were precisely those that were most often particularly relevant for the ecology of the gazelles. The narrow distribution of the G. subgutturosa in the study area suggests that the species prefers a small range of environmental factors for their habitat confirmed by the high marginality and specialization factors. Recent studies about the interaction between human activities and the presence of the gazelle have shown that a negative relationship exists between the presence of the species and most types of human interference (Wangdwei and 
Conclusion
In this study, we attempted to investigate the distribution of the species in the Bamoo National Park in order to develop a robust model based on environmental variables which are capable of predicting its distribution. Maxent and ENFA models helped identify habitat preferences and spatial distribution patterns of G. subgutturosa. Main
